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3HLOLDQJ6XQ.DQJ/L
6FKRRORI(OHFWURQLF(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI/HHGV/HHGV/6-78.
Peiliang SUN elpsu@leeds.ac.uk 
$EVWUDFW 7KLV SDSHU SUHVHQWV D FULWLFDO UHYLHZ RI VRPH H[LVWLQJ PRGHOOLQJ
FRQWURODQGRSWLPL]DWLRQWHFKQLTXHVIRUHQHUJ\VDYLQJFDUERQHPLVVLRQUHGXFWLRQ
LQ PDQXIDFWXULQJ SURFHVVHV 7KH VWXG\ RQ YDULRXV SURGXFWLRQ LVVXHV UHYHDOV
GLIIHUHQW OHYHOV RI LQWHOOLJHQW PDQXIDFWXULQJ DSSURDFKHV 7KHQ PHWKRGV DQG
VWUDWHJLHV WR WDFNOH WKH VXVWDLQDELOLW\ LVVXHV LQPDQXIDFWXULQJDUH VXPPDUL]HG
0RGHOOLQJ WRROV VXFK DV GLVFUHWH G\QDPLF HYHQW V\VWHP '(6'('6 DQG
DJHQWEDVHG PRGHOOLQJVLPXODWLRQ $%6 DSSURDFKHV DUH UHYLHZHG IURP WKH
SURGXFWLRQ SODQQLQJ DQG FRQWURO SURVSHFWLYH 7KHVH DSSURDFKHV ZLOO SURYLGH
VRPHJXLGHOLQHV IRU WKHGHYHORSPHQWRIDGYDQFHG IDFWRU\PRGHOOLQJ UHVRXUFH
IORZDQDO\VLVDQGDVVLVWLQJWKHLGHQWLILFDWLRQRILPSURYHPHQWSRWHQWLDOVLQRUGHU
WRDFKLHYHPRUHVXVWDLQDEOHPDQXIDFWXULQJ
.H\ZRUGV,QWHOOLJHQW0DQXIDFWXULQJ3URGXFWLRQ3ODQQLQJ6FKHGXOLQJ
$JHQWEDVHGPRGHOOLQJ'LVFUHWH(YHQW6\VWHP
 ,QWURGXFWLRQ
7KH PDQXIDFWXULQJ VHFWRU LQ LQGXVWU\ KDV D QRQQHJOLJLEOH HQYLURQPHQWDO LPSDFW
FRXSOHG ZLWK WKH SURGXFWLRQ SURFHVV ,Q WKH PDQXIDFWXULQJ IDFWRU\ PDWHULDOV DQG
VLJQLILFDQW DPRXQWVRI HQHUJ\DUHFRQVXPHGDQGRQO\DSDUWRI WKHPDUH UHQHZDEOH
ZKLFKLPSRVHFRQVLGHUDEOHVWUHVVXSRQWKHHDUWK6RPHPDQXIDFWXULQJDFWLYLWLHVUHOHDVH
KD]DUGVVROLGOLTXLGDQGJDVHRXVZDVWHVWUHDPVWKDWOHDGVWRGHWULPHQWDOLPSDFWRQWR
WKHHQYLURQPHQW
7KHUHDUHLQFUHDVLQJFDXVHVIRUWKHFXUUHQWPDQXIDFWXULQJV\VWHP>@HQYLURQPHQWDO
FRQFHUQV GLPLQLVKLQJ QRQUHQHZDEOH UHVRXUFHV VWULFWHU OHJLVODWLRQV DQG LQIODWHG
HQHUJ\ FRVWV DQG LQFUHDVLQJ FRQVXPHU SUHIHUHQFH IRU HQYLURQPHQWDOO\ IULHQGO\
SURGXFWVHWF7KHFRQFHSW³VXVWDLQDELOLW\´LVJUDGXDOO\UHFHLYHGPRUHDWWHQWLRQVIURP
LQQRYDWLYHLQGXVWU\(IIRUWVWRGHYHORSDPDQXIDFWXULQJV\VWHPPHHWLQJWKHVXVWDLQDEOH
FULWHULDKDYH WRPDNHFRQVLGHUDWLRQVRIPXOWLOHYHO IURPSURGXFWSURFHVVDQGRI WKH
ZKROHIDFWRU\V\VWHP,VRODWHGDSSURDFKFDQQRWVXFFHHGLQWKHVXVWDLQDEOHXSJUDGDWLRQ
7KHWKUHHSLOODUVRIVXVWDLQDEOHGHYHORSPHQWLQFOXGHHQYLURQPHQWDOHFRQRPLFDQG
VRFLDODVSHFWV>@(IIRUWVDORQJWKHWUHHSLOODUVVKRXOGEHV\QWKHVL]HGIRUDPRUHHQHUJ\
HIILFLHQWDQGHQYLURQPHQWEHQLJQPDQXIDFWXULQJ7RPHHWWKHPRUHVWULQJHQWVWDQGDUGV
SURDFWLYHJUHHQEHKDYLRXUVXFKDVFRQVHUYDWLRQRIHQHUJ\ZDWHUPDWHULDOVUHGXFWLRQ
 3HLOLDQJ6XQ.DQJ/L


DQGUHF\FOHRIWKHZDVWHGHQHUJ\DQGPDWHULDOWUHDWPHQWDUHH[WHQVLYHO\GHYHORSHGLQ
UHFHQW\HDUV
7KHUH DUH RSSRUWXQLWLHV ZLGHO\ H[LVWLQJ IRU HIILFLHQW HQHUJ\ XVDJH DQG LPSURYHG
PDWHULDOXWLOL]DWLRQLQWKHPDQXIDFWXULQJVHFWRUVWRDUHVRXUFHHIILFLHQWSURGXFWLRQ:H
FDQXVHHIILFLHQF\DQGHIIHFWLYHQHVVWRHYDOXDWHWKHHQHUJ\DQGPDWHULDOVUHVRXUFHXVHG
LQPDQXIDFWXULQJF\FOH>@7KHGHILQLWLRQRIHIILFLHQF\LVDERXWWKHDPRXQWRIUHVRXUFHV
XVHGWRSURGXFHDUHTXLUHGDPRXQWRISURGXFWLQZKLFKWKHHIILFLHQF\LQGH[VKRXOGEH
PLQLPL]HGDVPXFKDVSRVVLEOH:HZRXOGOLNHWRXVHOHVVUHVRXUFHWRILQLVKFHUWDLQ
DPRXQW RI RXWSXW +RZHYHU WKH ZRUG ³HIIHFWLYHQHVV´ LV GHILQHG E\ ZKHWKHU WKH
UHVRXUFHVDUHHIIHFWLYHO\XVHG,Q>@WKHDXWKRUQDPHHIILFLHQF\DV³GRLQJWKHWKLQJV
ULJKW´DQGGHVFULEHHIIHFWLYHQHVVDV³GRLQJWKHULJKWWKLQJV´
3UHYLRXVUHVHDUFKHUVKDYHSRVHGH[WHQVLYHZRUNVRQPDNHVSDQRSWLPL]DWLRQDQGWKH
PLQLPL]DWLRQRIPDNHVSDQKDVEHHQZLGHO\VWXGLHGDVWKHPDLQREMHFWLYHVWRLPSURYH
SURGXFWLRQHIILFLHQF\,QWHUPVRIJUHHQRUHQHUJ\DZDUHPDQXIDFWXULQJPRUHDWWHQWLRQ
VKRXOGEHSDLGLQWKHVHFWRUWRFRQVLGHUDWLRQRIQRQUHQHZDEOHUHVRXUFHFRQVXPSWLRQ
LQWKHSURGXFWOLIHF\FOH,QWKH>@ WKHDXWKRUVIRFXVRQ³VXVWDLQDEOHPDQXIDFWXULQJ
RSHUDWLRQVVFKHGXOLQJ´DSSURDFKDQGPDNHVXPPDU\RQNH\FKDOOHQJHVDQGUHVHDUFK
WUHQGV LQ WKH SURSRVHG DUHD 7KHVH HPHUJLQJ FKDOOHQJHV DUH KLJK HQHUJ\ LQWHQVLW\
PDFKLQLQJXQVXVWDLQDELOLW\DQGRQO\SDUWLDOFRQVLGHUDWLRQLQFRQWURORIWKHLQGXVWULDO
RSHUDWLRQ
7KHLQFUHDVLQJFRPSOH[LW\RIWKHPDQXIDFWXULQJHQYLURQPHQWPDNHVLWGLIILFXOWWR
ILQGHDV\VROXWLRQVWRPRGHUQHQHUJ\HQYLURQPHQWRULHQWHGXSJUDGLQJ2SHUDWLRQVLQ
ZLGHVSUHDGLQGXVWULDOPDQXIDFWXULQJV\VWHPVFDQEHYLHZHGDVDGLVFUHWHVHW>@ZKLFK
SURYLGHVWKHRSSRUWXQLW\WRLPSOHPHQWFRPSOH[VFKHGXOLQJDQGFRQWUROPHWKRGRQWKH
V\VWHP6XFFHVVIXOVLPXODWLRQRIWKHSURFHVVPRGXOHVHYDOXDWLRQDQGYLVXDOL]DWLRQLV
RQH RI WKH NH\V IRU HQKDQFLQJ WKH RI VWUDWHJLF DQG RSHUDWLRQDO PDQDJHPHQW RI WKH
SURGXFWLRQSODQQLQJDQGFRQWURO7KLVVXUYH\GLVFXVVHVDEURDGPDQXIDFWXULQJLVVXHV
DQGFKDOOHQJHVDVVRFLDWHGZLWKHQHUJ\DQGUHVRXUFHVFRQVHUYDWLRQWHFKQLTXHV
7KHUHPDLQGHURIWKHSDSHULVRUJDQL]HGDVIROORZV
x 6HFWLRQGLVFXVVHVWKHVFRSHIRUHQHUJ\PDWHULDOPDQDJLQJLPSURYHPHQWLQVLGHD
VLQJOHIDFWRU\ZKHUHVROXWLRQVSRVVLEOHWHFKQLTXHVDQGVWUDWHJLHVDUHUHYLHZHGIRU
IDFLOLWDWLQJ D PRUH HQHUJ\ DQG UHVRXUFH HIILFLHQW PDQXIDFWXULQJ 6WUXFWXUHG
DSSURDFKHVDUHXVHGWRGLVWLQJXLVKWKHGLIIHUHQFHEHWZHHQGLIIHUHQWV\VWHPOHYHOV
x 6HFWLRQ  IRFXVHV RQ PDQXIDFWXULQJ RSHUDWLRQ VFKHGXOLQJ SUREOHPV FRQFHUQLQJ
W\SLFDOREMHFWLYHVFDQEHFRQFHUQHGLQPDQXIDFWXULQJRSHUDWLRQVDQGPXOWLREMHFWLYH
RSWLPL]DWLRQEDVHGVFKHGXOLQJIRUSURGXFWLRQOLQHV
x 6HFWLRQUHYLHZVWZRLPSRUWDQWPRGHOOLQJWHFKQLTXHVIRUWKHVXSSRUWRISURGXFWLRQ
VLPXODWLRQ 7KH GLVFUHWH HYHQW V\VWHP DQG DJHQWEDVHG PRGHOOLQJ DQG WKHLU
FDSDELOLWLHVIRURSHUDWLRQSODQQLQJSURFHVVUHVRXUFHPRGHOOLQJDQGIOH[LEOHV\VWHP
EDVHGVLPXODWLRQ
0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


 7KHVFRSHRILQWHOOLJHQWPDQXIDFWXULQJV\VWHPV
0DQXIDFWXULQJDFWLYLWLHVDUHFRPSOH[WKDWFDQEHGLVFRPSRVHGLQWRPXOWLSOHVFRSHVRI
SURGXFWLRQOHYHOV>@7KHORZHUOHYHOVWDUWVIURPVLQJOHPDFKLQHZKHUHXQLWSURFHVVHV
LVFRQGXFWHGZLWKLQDVPDOOUHJLRQDQGWKHQWRDZLGHUVFRSHFRQWDLQVPXOWLSOHGHYLFHV
IRUPLQJDSURFHVVFKDLQ:KHQFRPSULVLQJDOOWKHSURGXFWLRQOLQHZLWKLQWKHIDFWRU\WR
GHOLYHU WKH ILQDO SURGXFWV DOO RI WKH DFWLYLWLHV FDQ EH FRQVLGHUHG LQ D KROLVWLF YLHZ
WKURXJK ZKLFK SURGXFWLRQ SODQQLQJ DQG FRQWURO UHJDUGLQJ DOO RI WKH VXVWDLQDEOH
SRWHQWLDOVFDQEHDFKLHYHG,QWKHFRQWH[WRIWKLVVHFWLRQZHRQO\GLVWLQJXLVKWKUHHOHYHOV
RIDFWLYLWLHVRQHVLQJOHPDFKLQHXQLWSURFHVVPXOWLPDFKLQHSURFHVVFKDLQV\VWHPDQG
WKHZKROHIDFWRU\OHYHO0DQXIDFWXULQJW\SHVFDQEHEURDGO\VHSDUDWHGLQWRSURFHVVDQG
GLVFUHWH ZKHUH SURFHVV PDQXIDFWXUHV XVLQJ EDWFK RU FRQWLQXRXV RSHUDWLRQ GLVFUHWH
PDQXIDFWXUHVSDUWVDQGDVVHPEOLQJSURGXFWVLQVHTXHQWLDOVWHSV7KHGLIIHUHQFHLQWKH
SURGXFWLRQW\SHOHDGVWRGLIIHUHQWVFKHGXOLQJSUREOHPV1HYHUWKHOHVVERWKW\SHVZLOO
EHH[DPLQHGEHORZLQWHUPRIJUHHQPDQXIDFWXULQJ
 8QLWSURFHVVPDFKLQHOHYHO
(DFKVLQJOHPDFKLQHLQDSURFHVVFDQEHWUHDWHGDVDVXEV\VWHPLQDSURFHVV6XFFHVVIXO
DXGLWLQJDQGLGHQWLILFDWLRQGHWHUPLQDWLRQRIHQHUJ\DQGPDWHULDOFRQVXPSWLRQDWHDFK
XQLWLVRQHRIWKHNH\WRIDFLOLWDWHDGHWDLOHGLQGHSWKDQGPRUHFRPSOHWHXQGHUVWDQGLQJ
LQZD\VWRLPSURYHVXVWDLQDELOLW\LQPDQXIDFWXULQJ
2SHUDWLRQVDGRSWHGRQDVLQJOHPDFKLQHVXFKDVPDFKLQLQJWRROVDOORFDWLRQLQWKH
GLVFUHWHPDQXIDFWXULQJDQGSURGXFWLRQSODQQLQJWRXQLWPDFKLQHIRUEHWWHUGXW\FRQWURO
DUH SDUW RI WKH DSSURDFKHV 2WKHU VROXWLRQV LQFOXGH DOO PDFKLQHV DQG WKH ZKROH
SURGXFWLRQDUHDOORFDWHGQHDUWKHQRPLQDOFDSDFLW\OHYHOWKHSDUDPHWHUVHWWLQJVDUHVHW
DWWKHRSWLPXPDQGWKHPDFKLQHVDQGSURFHVVHVDUHRSWLPDOO\FRQWUROOHGDQGWKXVWKH
HQHUJ\FRQVXPSWLRQLVPLQLPL]HG
 (QHUJ\DQGPDWHULDOIORZDXGLWLQJ
$WWKLVOHYHOWRLGHQWLI\KRZDVLQJOHSURFHVVXQLWFRQVXPHVHQHUJ\DQGPDWHULDOLVWKH
ILUVW VWHS WRZDUGV WUDQVSDUHQF\ 7KLV HQHUJ\PDWHULDO DXGLWLQJ RQ HDFK PDFKLQH
SURYLGHV D IXQGDPHQWDO UHIHUHQFH IRU UHVHDUFKHUV DQG SUDFWLWLRQHUV WR LGHQWLI\ DQ\
FULWLFDOSUREOHPLQWKHV\VWHP
1RW RQO\ WKH FRQVXPSWLRQ RI HQHUJ\ DQG UHVRXUFHV EXW DOVR WKH ZDVWHHPLVVLRQ
JHQHUDWLRQ GXULQJ WKH SURGXFWLRQ SURFHVV VKRXOG EH LGHQWLILHG WR HDFK SURFHVV XQLW
,QVSLUHGE\$EHOHDWDO >@ WKHHQHUJ\FRQVXPSWLRQFDQEHVHSDUDWHG LQWRHVVHQWLDO
HQHUJ\ UHTXLUHPHQW RI WKH QRUPDO SURGXFWLRQ SURFHVV WKH H[WUD HQHUJ\ GHPDQGV RI
SURFHVVLQJDQGSHULSKHUDOGHPDQGLQSURGXFWGHYHORSPHQW$XGLWLQJRQHRUVHULHVRI
SURGXFWLRQ XQLWV UHTXLUHV WR FDOFXODWH WKH FRVW RI HQHUJ\ ORVVHV RI PDWHULDOV DQG WR
LGHQWLI\LPSURYDEOHSURFHVVYDULDEOH>@3URSRVHGDPRUHLQVWUXFWLYHDSSURDFKDERXW
GLIIHUHQW DVSHFWV FDQ EH DQDO\VHG LQ WKH LQSXWRXWSXW GHWDLOV 7KH WLPH SRZHU
FRQVXPSWLRQ FRQVXPDEOH DQG HPLVVLRQ VWXGLHV DUH DQDO\VHG WKRURXJKO\ $IWHU
 3HLOLDQJ6XQ.DQJ/L


DFTXLULQJGHWDLOHGGHVFULSWLRQRIHDFKSURFHVVWRDGDWDLQYHQWRU\VWDWLVWLFDOVWXG\RI
WKHVH LQGXVWULDO PHDVXUHPHQWV UHVXOWV ZLOO DVVLVW XQGHUVWDQGLQJ EHKDYLRXUV LQ WKH
SURFHVVIRUEHWWHUPDQDJHPHQW
 6WUDWHJLHVIRUPLQLPL]LQJHQHUJ\DQGUHVRXUFHFRQVXPSWLRQ
$W WKLV OHYHO VWUDWHJLHV IRU PLQLPL]LQJ HQHUJ\UHVRXUFH FRQVXPSWLRQ QHHG WR EH
FRQVLGHUHG ILUVWO\ WR UHGXFH HQYLURQPHQWDO LPSDFW )XQGDPHQWDOO\ PRVW SURGXFWLRQ
GHYLFHFDQEHLPSURYHGIURPDEHWWHUHIILFLHQF\GHVLJQZKLOHIRUDPDFKLQHDWDIL[HG
SURGXFWLRQ OLQH WR RSWLPL]H WKH SURFHVV SDUDPHWHUV DQG LWV ZRUNLQJ GXW\ FDQ EH
FRQVLGHUHGDVHQHUJ\UHVRXUFHGHPDQGUHGXFWLRQPHWKRGV
Re-design and structural improvement of process unit 
2QFH WKH PRVW HQHUJ\ LQWHQVLYH PDFKLQHV RU SURFHVVHV DUH LGHQWLILHG DQG DXGLWHG
VLJQLILFDQW LPSURYHPHQW RI HIILFLHQF\ FDQ EH DFKLHYHG E\ XVLQJ PRUH HIILFLHQW
FRPSRQHQWV DQG UHGHVLJQLQJ WRZDUGV PRUH HQHUJ\ HIILFLHQW WRROV >@ ,QVWHDG RI
UHGHVLJQLQJRIFXUUHQWPDFKLQHDQGSURFHVVWKHQHZWHFKQRORJLHVWUDQVSODQWRQH[LVWLQJ
SURGXFWLRQOLQHFDQJXDUDQWHHLPSURYHPHQW)RULQVWDQFHLWLVUHSRUWHGWKDWXSGDWLQJ
WKHFRQYHQWLRQDOODVHUVRXUFHZLWKQHZWHFKQRORJ\LQWKHIRUPLQJLQGXVWU\FDQOHDGWR
LQFUHDVHRIHIILFLHQF\>@
(QHUJ\DQGUHVRXUFHHIILFLHQF\RIDVLQJOHSURFHVVFDQEHLPSURYHGE\UHFRYHU\RI
HQHUJ\ KHDW NLQHWLF DQG PDWHULDOV ZLWKLQ D PDFKLQH >@ GHYHORSHG D PHWKRG WR
UHF\FOHGWKHSRZGHUPDWHULDOVLQDSRO\PHUODVHUVLQWHULQJSURFHVV>@LQYHVWLJDWHG
NLQHWLF HQHUJ\ UHFRYHU\ V\VWHP WR LPSURYH HQHUJ\ HIILFLHQF\ RI KLJKVSHHG FXWWLQJ
SURFHVVXSWR7KLVNLQGRIVWUDWHJLHVFDQEHLPSOHPHQWHGDWGLIIHUHQWOHYHOVZKLFK
ZLOOEHGLVFXVVHGLQWKHIROORZLQJVXEVHFWLRQV3HULSKHUDOVOLNHFRPSUHVVHGDLUKHDWHG
DLUFRROLQJDLUDQGOXEULFDWLRQHWFDUHFRQVXPDEOHVVXSSOLHGORFDOO\RUFHQWUDOO\WRHDFK
PDFKLQH7KHHQHUJ\RIFRPSUHVVHGDLUFDQEHSDLGEDFNDQGUHFRYHUHGDWWKHPDFKLQH
OHYHO>@
Process control and optimization methods 
7KHDIRUHPHQWLRQHGPHWKRGVLQIDFWFKDQJHWKHLQKHUHQWVWUXFWXUHRIWKHSURFHVVXQLW
WKRXJKHIIHFWLYHPD\QRWEHFRVWHIIHFWLYHRUPD\QHHGVLJQLILFDQWLQYHVWPHQW1HZ
FRQWUROPHWKRGVDUHKRZHYHUUHODWLYHO\HDV\WRLPSOHPHQWRQWKHH[LVWLQJSURGXFWLRQ
OLQH 0DFKLQH GXW\ FDQ EH IOH[LEOH FRQWUROOHG DQG WKH SURFHVV SDUDPHWHUV FDQ EH
UHODWLYHO\HDVLO\RSWLPL]HG
&RQWUROOLQJWKHORDGFRQGLWLRQRIPDFKLQHVLVDVWUDLJKWIRUZDUGDSSURDFKWRUHGXFH
WKHHQHUJ\FRVWZKHUHWKHPRVWFRQYHQLHQWZD\LVWRVKXWGRZQPDFKLQHVWKDWDUHQRW
XVHG0DFKLQHVXVXDOO\KDYHVHYHUDORSHUDWLQJVXFKDVKHDY\GXW\QRPLQDOGXW\OLJKW
GXW\LGOHDQGVWDQGE\PRGHZKHQWXUQHGRQ7KHUHIRUHWRPLQLPL]HWKHRYHUORDGDQG
LGOHWLPHGXULQJDPDQXIDFWXULQJSURFHVVZLOOVDYHHQHUJ\,Q>@WKHDXWKRUXVHGD
VHOIOHDUQLQJ VROXWLRQ WR FRQWURO WKH SURFHVV RI D SURGXFWLRQ OLQH V\VWHP WR KDYH D
UHGXFHGWLPHDQGHIIRUWV)RUWKHSURFHVVZLWKIL[HGSRZHUOHYHOWKHHQHUJ\ZDVWHLV
VLJQLILFDQWDWDQRQORDGHGPRGH7KHUHLVDQHHGIRUWKHRSWLPDOSURGXFWLRQSODQZKLFK
XVHVWKHQRPLQDOFDSDFLW\RIHDFKHTXLSPHQW
0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


)RU WKH SURFHVV XQLWV WKH VHWWLQJ SDUDPHWHUV DUH DOZD\V UHODWHG WR UHVRXUFH
FRQVXPSWLRQ >@ H[DPLQHG WKH SDUDPHWHU VHWWLQJV IRU FXWWLQJ FRQGLWLRQV DQG
DFFHOHUDWLRQFRQWUROWRDFKLHYHDUHGXFHGSRZHUFRQVXPSWLRQLQPDFKLQHWRRORSHUDWLRQ
3URFHVV FRQWURO LQ VRPH FDVHV FDQ PDLQWDLQ RU HYHQ LPSURYH WKH TXDOLW\ ZLWK OHVV
HQHUJ\FRVW)RULQVWDQFH>@RSWLPL]HGWKHSURFHVVSDUDPHWHUVRIDSDSHUPDFKLQH¶V
GU\HU VHFWLRQ WR UHGXFH WKH VWHDP FRQVXPSWLRQ LQ WKH PXOWLF\OLQGHU GU\HU DQG WR
GHFUHDVHWKHORDGVRIFHQWULIXJDOEORZHUV
,QPRVWLQGXVWULDOSURFHVVHVWKHSURFHVVXQLWVDUHLQWHUFRQQHFWHGDQGV\VWHPOHYHO
RSWLPL]DWLRQZLWKPXOWLREMHFWLYHFRQWUROPHWKRGV>@DQDO\VHGWKHKLVWRULFDOSURFHVV
GDWDLQDSDSHUPLOODQGSURSRVHGDPXOWLREMHFWLYHHQHUJ\RSWLPL]DWLRQPHWKRG7KH\
ZHUHDEOHWRUHGXFHWKHWKHUPDOHQHUJ\FRQVXPSWLRQE\FKDQJLQJYDFXXPSUHVVXUHDW
DQXSVWUHDPVXEV\VWHPDQGRSWLPL]HGWKHVWUHDPXVDJH
 3URGXFWLRQOLQHPXOWLPDFKLQHOHYHO
 5HVRXUFHUHF\FOHDQGUHXVH
7KHRSWLPL]DWLRQRIDVLQJOHPDFKLQHKDVOLPLWHGHIIHFWRQWKHUHGXFWLRQRIHQHUJ\DQG
UHVRXUFH FRQVXPSWLRQ DQG SUDFWLFDO LQGXVWULDO SURFHVVHV DUH RIWHQ FRPSOH[ ZLWK
PXOWLSOHSURFHVVXQLWV3URGXFWLRQSODQRUFRQWUROZLGHFRQWUROH[KLELWVSHFLILFHQHUJ\
FRQVXPSWLRQFKDUDFWHULVWLFV:KHQPXOWLPDFKLQHRUHYHQDSURFHVVFKDLQLQWKHIDFWRU\
LVLQYROYHGSUREOHPVRILQWHUDFWLRQVDQGV\QHUJLHVEHWZHHQGLIIHUHQWPDFKLQHVRIWHQ
DULVHV$FFRUGLQJWRGLIIHUHQWSURFHVVVWUXFWXUHWKHQHWZRUNRIFRQQHFWHGPDFKLQHVLQ
D SODQW FDQ EH RUJDQL]HG LQ SDUDOOHO RU VHTXHQFH WRSRORJ\ DQG LQ WKHVH PDFKLQH
QHWZRUNVWKHRXWSXWRIRQHPDFKLQHPLJKWEHWUHDWHGDVLQSXWIRUDQRWKHU7KHUHIRUHLW
LV LPSRUWDQW WRJHW HQRXJKNQRZOHGJHRQ WKH WUDFHRI UHVRXUFH IORZ LQ WKHVHPXOWL
PDFKLQHSURGXFWLRQFKDLQV\VWHPV,QLURQDQGVWHHOSODQWVLWLVSRVVLEOHWRUHXVHVFUDS
WRUHGXFHPDWHULDOFRVW'XULQJWKHVWHHOSURGXFWLRQWKHE\SURGXFWDQGVHPLILQLVKHG
SURGXFWFRQWDLQPXFKRIWKHWKHUPDOHQHUJ\ZKLFKFDQEHKDUYHVWHGWRUHGXFHHQHUJ\
FRQVXPSWLRQ>@(VWDEOLVKPHQWRIFRJHQHUDWLRQV\VWHPVH[LVWLQWKHVHHQYLURQPHQWV
ZKHUHWKHYDOXDEOHVWHDPDQGIXHOVFDQEHSDUWLDOO\UHFRYHU\WREHXWLOL]HGWRJHQHUDWH
HOHFWULFLW\LQFRPELQHGF\FOHV
(QHUJ\ IORZ VXFK DV VWHDP FDQ EH SHUFHLYHG DV DQ HQHUJ\FDVFDGH V\VWHP 7KH
FRQFHSWVH[HUJ\DQGHQWURS\GHVFULEHWKHTXDOLW\DQGTXDQWLW\RIHQHUJ\LQVLGHPXOWL
PDFKLQHHFRV\VWHP7KHVHVHWXSDQDO\WLFIRXQGDWLRQWRDFTXLUHGHVFULEHDQGDQDO\VH
HQHUJHWLFIORZWKURXJKFRQQHFWHGPDFKLQHV7KHH[HUJ\FRQFHSWFODULILHVWKHGLIIHUHQW
LQWHUDFWLRQVOLNHLQDQGRXWSXWVZRUNDQGKHDWLQDV\VWHPDQGKHOSVGHWHUPLQHWKH
H[WHQWWRZKLFKWKHV\VWHPGHVWUR\VH[HUJ\>@%\DFFRXQWLQJWKHH[HUJ\LQDPXOWL
PDFKLQH V\VWHP LW LV HDVLHU WR SLQSRLQW WKH H[HUJ\ GLVWULEXWLRQ 7KHQ XVLQJ H[HUJ\
FDVFDGLQJDQDO\VLVPHWKRGHQHUJ\DQGPDWHULDOUHF\FOHDELOLW\FDQEHHVWLPDWHG7R
PLQLPL]HH[HUJ\ORVVHVLVWRPLQLPL]HHQHUJ\FRQVXPSWLRQRIWKHSURFHVVHV,Q>@
:DQJ HW DO DSSOLHG WKH IORZUDWHH[HUJ\ GLDJUDP IRU WKHUPRG\QDPLF DQDO\VLV DQG
HQHUJ\LQWHJUDWLRQDQGDFKLHYHGGHFUHDVHRQQDWXUDOJDVFRQVXPSWLRQWKURXJK
DFHW\OHQHDQGSRZHUSRO\JHQHUDWLRQ
 3HLOLDQJ6XQ.DQJ/L


7HPSRUDO9LHZVRI0DQXIDFWXULQJ
6S
DWL
DO9
LHZ
VR
I0
DQX
IDF
WXU
LQJ
3URGXFW
0DFKLQH
)DFLOLW\
/RJLVWLF
'HVLJQ $GMXVWPHQW 3RVW3URFHVVLQJ
(QHUJ\0DWHULDOVRXUFH:DVWHPDQDJHPHQW'LVWULEXWLRQ
6WUDWHJ\:DUHKRXVLQJKXEV6XSSOLHUORFDWLRQ3DFNLQJ3DOOHW
6WUXFWXUDOPDWHULDOV)ORRULQJ/D\RXW(TXLSPHQWFKRLFH
/LJKWLQJFRQWUROV:DVWHUHXVHV\VWHP
0DFKLQHFRQILJXUDWLRQ&KRLFH&RQVXPDEOHV6FUXEDQG
HPLVVLRQV
0DWHULDOV&KRLFHRIPDQXIDFWXULQJ&RQVXPDEOHV$GMXVWPHQW
&DSWXUHVFUXEHPLVVLRQ

)LJ0DQXIDFWXULQJGHVLJQOHYHOZLWKGHFLVLRQRQHDFKVWDJHLQUHVSHFWRIWHPSRUDOYLHZDQG
VSDWLDOYLHZ
:DVWH KHDW H[LVWV LQ PDQ\ LQGXVWULHV OLNH PHOWLQJ IXUQDFH LQ VWHHO FRPSDQ\ ZKHUH
H[FHVVLYHKHDWFDQEHUHXVHGIRUDKHDWWUHDWPHQWSURFHVV)RULQVWDQFHWKHIOXHJDVHV
ZKLFKIORZLQWKHRSSRVLWHGLUHFWLRQDJDLQVWPDWHULDOIORZFDQPDNHWKHIOXHJDVUHXVHG
5DQNLQHF\FOHLVDQRWKHUZD\WRJHQHUDWHHOHFWULFLW\IURPZDVWHKHDWEHVLGHVUHF\FOH
WKHKHDWIORZGLUHFWO\DQGRUJDQLF5DQNLQHF\FOH25&KDVEHHQDKRWUHVHDUFKWRSLF
LQ UHFHQW \HDUV >@ UHSRUWHG WKDW 25& FDQ EH XVHG LQ DOXPLQLXP VWHHO IRRG DQG
EDWWHU\ PDQXIDFWXULQJ $QDO\VLQJ WKH V\VWHP HQHUJHWLFDOO\ DQG H[HUJHWLFDOO\ DVVLVW
HIILFLHQF\ERRVWLQJ LQ >@XVHGZDWHUVWHDP5DQNLQF\FOHDQGDQRUJDQLF5DQNLQH
F\FOHWRUHFRYHUKHDWLQFHPHQWLQGXVWU\
6LPLODUO\WKHPDWHULDOIORZDWPXOWLPDFKLQHOHYHOFDQDOVREHRSWLPL]HGWRUHGXFH
WKHZDVWH5HVRXUFHVIORZFDQEHGHVFULEHGEHWZHHQGLIIHUHQWPDFKLQHVLQDIDFWRU\
>@LQYHVWLJDWHGWKHDOXPLQLXPUHF\FOLQJHFRQRPLFHIILFLHQF\E\H[DPLQLQJWKHLQ
SODQWWUDQVSRUWDWLRQEHWZHHQGLIIHUHQWXQLWVDVPDWHULDOLQSXWRURXWSXWDQGRSWLPL]HG
WKH PRGHO ZLWK OLQHDU RSWLPL]DWLRQ PHWKRG >@ UHYHDOHG WKDW HQYLURQPHQWDO DQG
HFRQRPLFREMHFWLYHVDUHQRWDOZD\VFRQWUDGLFWRU\DQGWKHLUDSSURDFKZDVDEOHWRORZHU
WKHHPLVVLRQVXSWR
 3URFHVVFKDLQFRQWURODQGVFKHGXOLQJ
,QDPXOWLPDFKLQHVFRSHHDFKXQLWKDVLWVORDGSURILOHDQGWKH\DUHDFFXPXODWHGLQD
SURGXFWLRQ OLQH WRH[KLELWVSHFLILFHQHUJ\DQGUHVRXUFHFRQVXPSWLRQEHKDYLRXU>@
UHYLHZHGWKHSRWHQWLDORISURGXFWLRQHIILFLHQF\LPSURYHPHQWE\WKHSURGXFWLRQFRQWURO
7KH LQWHUOLQNDJH RI SURFHVV XQLWV DQG SURGXFWLRQ IHDWXUHV VXFK DV EDWFK VL]H DQG
VFKHGXOLQJRUGHUVVSHHGFDQDOOLQIOXHQFHWKHHIILFLHQF\
(OHFWULFLW\ LV ZLGHO\ XVHG E\ PDQ\ NLQGV RI PDFKLQHV $SSURSULDWH VHOHFWLRQ RI
PDFKLQHRSWLPDOGXW\FRQWUROVHWWLQJDQGPLQLPL]LQJLGOLQJVWDWHRIHDFKPDFKLQHFDQ
UHGXFHHOHFWULFDOZRUN,QPDQ\V\VWHPVLIVRPHPDFKLQHVLQDSURGXFWLRQOLQHFDQEH
VZLWFKHG RQ DQG RII GXULQJ WKH SURFHVV WKH RSHUDWLRQ FRQWURO RI PXOWLPDFKLQH
VZLWFKLQJFRQVLGHULQJWKHLUWUDQVLHQWVSHUIRUPDQFHPD\DFKLHYHKLJKHQHUJ\HIILFLHQF\
0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


>@ZKHUHDWKHVHULDOSURGXFWLRQOLQHKDVDQXPEHURI%HUQRXOOLPDFKLQHVZLWKILQLWH
FDSDFLW\EXIIHUVDQGVZLWFKLQJFDSDELOLW\KDVEHHQVWXGLHG
$QRWKHU DVSHFW RI FRVW UHGXFWLRQ PHWKRG LV WR DYRLG FRQVXPSWLRQ SHDN %\
RSWLPL]DWLRQ PHWKRGV LQ SURGXFWLRQ VLPXODWLRQ LPSURYHG SODQQLQJ VROXWLRQ FDQ EH
IRXQGWRPLQLPL]HSHDNSRZHUDQGWRVRPHH[WHQWUHGXFHWRWDOHQHUJ\FRVW7KHSHDN
SRZHULQVRPHSODFHVFDXVHVFRVWH[WUDFKDUJHVLQWKHHOHFWULFELOODQGVLPLODUO\LWLV
SRVVLEOH WR VKLIW HOHFWULFLW\ FRQVXPSWLRQ IURP GD\ WR QLJKW ZKHQ WKH SULFH LV OHVV
H[SHQVLYH
,QWKHSURFHVVFKDLQGHSHQGLQJRQWKHFRPSOH[LQWHUDFWLRQZLWKLQPXOWLSOHPDFKLQHV
ZLWK GLIIHUHQW VWDWHV HQHUJ\ DQG PDWHULDO FRQVXPSWLRQ EHKDYLRU LV QRW VWDWLF EXW
G\QDPLF7RKDQGOHWKRVHG\QDPLFVFKDQJHVVLPXODWLRQLVDSURPLVLQJDSSURDFK>@
7KLVPHDQVDQHQHUJ\RULHQWHGPDQXIDFWXULQJV\VWHPVLPXODWLRQLVQHHGHGWRSURYLGH
WKH LQIRUPDWLRQ IRU GHFLVLRQ VXSSRUW )LJ  GHVFULEHV D FRQFHSWXDO VWUXFWXUH RI D
V\VWHPDWLFDSSURDFKHVRIDKLJKO\IOH[LEOHVLPXODWLRQHQYLURQPHQWZLWKUHOHYDQWHQHUJ\
IORZRIWKHVXEV\VWHPVLQWKHIDFWRU\>@

3URFHVV0RGXOH 0DFKLQH3URFHVVXQLW$QDO\VLV
3URFHVV&KDLQ
3URGXFWLRQ6HTXHQFH
0RGHOOLQJ7%
6D
QG
0L
VFH
OODQ
HRX
V
3DU
DP
HWH
UV0
RGX
OHV
3URGXFWLRQ3ODQQLQJ
DQG&RQWURO
)DFWRU\ZLGHOHYHO
PDQXIDFWXULQJ
RSHUDWLRQVLPXODWLRQ
(YDOXDWLRQDQG9LVXDOLVDWLRQIRUSURGXFWLRQ
SHUIRUPDQFHZLWKUHVRXUFHFRQVXPSWLRQ
(QHUJ\&RQWUDFW
(QYLURQPHQWDO'DWD
0DFKLQHSDUDPHWHUVLGHQWLILFDWLRQDERXW
RSHUDWLRQSURSHUWLHVDQGVWDWHUHODWHG
FRQVXPSWLRQKHOSVWREXLOGPRGXOHV
UHSUHVHQWLQJHQHUJ\FRQVXPSWLRQ
HPLVVLRQEHKDYLRU
7KHPRGXOHVDUHLQWHUOLQNHGWRHDFK
RWKHUWRUHSUHVHQWWKHSURGXFWLRQOLQH
DQGFDQLQGLFDWHSHUIRUPDQFHDQG
UHVRXUFHFRQVXPSWLRQSURILOHOLNHUHDO
V\VWHP7KHSURGXFWLRQFRQWUROFDQEH
LPSOHPHQWHGRQWKLVV\VWHP
7KHPLVFHOODQHRXVSDUDPHWHUV
OLNH+9$&V\VWHPORJLVWLF
FRQGLWLRQHWF7KH\DUHUHODWHG
WRWKHRSHUDWLRQSURILOHRIWKH
SURGXFWLRQOLQH
7KHHFRQRPLFDQGHFRORJLFDOHYDOXDWLRQ
IRUGHFLVLRQVXSSRUWHQHUJ\FRVW
FDOFXODWLRQDQGHQHUJ\IORZ
YLVXDOL]DWLRQFDQEHDFKLHYHG

)LJ&RQFHSWXDOVWUXFWXUHRIHQHUJ\RULHQWHGPDQXIDFWXULQJV\VWHPVLPXODWLRQ
 )DFWRU\OHYHO
$W WKH IDFWRU\ RU ZKROH SODQW OHYHO WKHUH LV D JUHDWHU VFRSH WR DGRSW KLJKHU OHYHO
VLPXODWLRQ WRROV FRYHULQJ ZKROH V\VWHP FRQILJXUDWLRQ SURGXFWLRQ IORZ DQG
PDQDJHPHQW WR LPSURYH HIILFLHQF\ >@ WKH DXWKRU HODERUDWHG WZR RUWKRJRQDO
IUDPHZRUNVVSDWLDODQGWHPSRUDOFRQVLGHUDWLRQDWIDFWRU\OHYHO7KHVSDWLDOIUDPHZRUN
LVFRQFHUQVZLWKWKHVSDWLDOYLHZVRISURGXFWIHDWXUHPDFKLQHOLQHDQGVXSSO\FKDLQ
7KHVH VSDWLDO OHYHOV GHILQH WKH PDWHULDO FKRLFH JHRPHWULF GHVLJQ PDFKLQHIDFLOLW\
FRQILJXUDWLRQ HQHUJ\VRXUFHZDVWH FKDLQ DQG ORJLVWLFV LVVXHV >@ VXPPDUL]HV WKH
WHPSRUDOIUDPHZRUNFKDUDFWHUL]HVWKHFRQWURORIWKHZKROHHQYLURQPHQWDOLPSDFWDQG
WKH LQIOXHQFHRI IDFLOLW\ FRQVXPSWLRQV ,W FRYHUV WKH FRQVLGHUDWLRQV WKURXJK SURGXFW
GHVLJQ WR PDQXIDFWXULQJ OLYHF\FOH DVVHVVPHQW VXFK DV SURGXFWIDFLOLW\ GHVLJQ
 3HLOLDQJ6XQ.DQJ/L


SURFHVVORJLVWLFVGHVLJQSURFHVVDGMXVWPHQWDQGSURVSURFHVVLQJHWF$VWKHGHFLVLRQ
PDNLQJ PRYHV DORQJ WKH WHPSRUDO D[LV WKH IOH[LELOLW\ GHFUHDVHV ZKLFK PHDQV OHVV
FRQWURORYHUWKHSODQQLQJ
)DFWRU\ ZLGH SODQQLQJ DQG VFKHGXOLQJ PHWKRGRORJLHV DUH FULWLFDOO\ QHHGHG 7KH
PHWKRGVKRXOGKDYHWKHDELOLW\WRDFFRPPRGDWHFRPSOH[LQWHUDFWLRQV0RQLWRULQJDQG
GDWDFRPPXQLFDWLRQVWUDWHJLHVDUHDEOH WRWUDFNWKHIDFLOLW\SHUIRUPDQFHRYHUVSDWLDO
DQGWHPSRUDOGLPHQVLRQVYLHZV3URGXFWLRQSODQQLQJFDQEHRSWLPL]HGDWDIDFLOLW\OHYHO
ZKLFK LV ZLGHU WKDQ WKH PXOWLPDFKLQH VFRSH LQ RUGHU WR OLPLW WKH WRWDO HQHUJ\
FRQVXPSWLRQ
/RDGPDQDJHPHQWFDQDOVREHFRQGXFWHGDWWKHIDFWRU\OHYHOZKHUHWKHSHDNORDG
VXUFKDUJH FDQ EH PLQLPL]HG GLIIHUHQW ZRUNORDGV FDQ EH SUHGLFWHG DQG FRQWUROOHG
+RZHYHU WKH PRQLWRULQJ DQG FRQWURO DW WKH ZKROH IDFWRU\ OHYHO UHTXLUH VLJQLILFDQW
DPRXQW RI LQIRUPDWLRQ DERXW WKH PDFKLQHSURFHVV VWDWXV DQG PRUH FRPSOH[
LQWHUGHSHQGHQFLHVEHWZHHQV\VWHPV
7KHUH DUH D QXPEHU RI EXLOGLQJ VHUYLFHV WKDW DFFRXQW IRU HQHUJ\ FRQVXPSWLRQ LQ
VXSSRUW RI SURGXFWLRQ DQG LQ >@ +HUPDQQ DQG 7KLHGH LQFRUSRUDWHG WKH HQHUJ\
HIILFLHQF\ LPSURYHPHQW ZLWK SURGXFWLRQ DQG WHFKQLFDO EXLOGLQJ VHUYLFH 7%6 ,Q
VXSSRUW RI SURGXFWLRQ DQG GHPDQG IRU KLJKHU SURGXFWLYLW\ WKH 7%6 PXVW FRQVLGHU
IDFLOLW\PDQDJHPHQW HQHUJ\RSWLPL]DWLRQ7HFKQLFDOPHDVXUHVFDQEHXVHG WR ORFDWH
XQQHFHVVDU\ GHPDQGV LQ WHPSHUDWXUH DQG SUHVVXUHV LQVXIILFLHQW XWLOL]DWLRQ $QG
HIILFLHQWSURFHVVFRQWUROHJFRQWLQXRXVUXQVSURFHVVLQJDWIDYRXULWHZRUNLQJSRLQWV
WRDYRLGXQQHFHVVDU\FRVW8VLQJWHFKQLTXHVOLNHFRPELQHGKHDWDQGSRZHUF\FOHVDQG
KHDW UHFRYHU\ ZLWK OLQNHG V\VWHPV WR XVH UHJHQHUDWLYH HQHUJ\ VRXUFH DQG WR UHGXFH
V\VWHP ORVVHV HJ OHDNDJHV DQG ODFNLQJ RI LQVXODWLRQ $SDUW IURP WKH HQHUJ\
FRQVXPHGE\PDFKLQHVLWLVDOVRIRXQGWKDWWKHHQHUJ\FRVWLQ+9$&DQGOLJKWLQJRI
WKHZRUNLQJKDOOZHUHIRXQGWREHVLJQLILFDQWaZKHQKHDQDO\VHGWKHHQHUJ\
FRQVXPSWLRQDQG&2HPLVVLRQIRUPLOOLQJPDFKLQHWRROHQYLURQPHQW>@
7KHFRQFHSWRI³JUHHQIDFWRU\´LVLPSRUWDQWIRUWKHSURFHVVGHVLJQZKHUHWKHHQHUJ\
DQGUHVRXUFHVZDVWHFDQEHPLQLPL]HGDQGUHFRYHUHG)RUWKHH[LVWLQJIDFWRULHVZKLFK
FDQQRW EH UHGHVLJQHG PRGLILFDWLRQV VXFK DV WKHUPDO LQVXODWLRQ RI IDFDGHV
LPSURYHPHQWRQIHQHVWUDWLRQDQGFRQWURORIJDWHVRUPDWHULDOSRUWVDQGLOOXPLQDWLRQ
FRQWUROFDQOHDGWRHQHUJ\VDYLQJ
 6HFWLRQ6XPPDU\
,QWKLVVHFWLRQZHKDYHVXPPDUL]HGGLIIHUHQWPHWKRGVIRUWKUHHOHYHOVVFRSHRIPRUH
HQHUJ\DZDUHQHVVDQGUHVRXUFHFRQVHUYDWLRQDWWKUHHOHYHOVQDPHO\WKHXQLWSURFHVV
PXOWLPDFKLQH V\VWHP DQG WKH ZKROH IDFWRU\ SODQW 7KH PHWKRGV DUH IXUWKHU
VXPPDUL]HGLQ7DEOH
 6FKHGXOLQJIRUVXVWDLQDELOLW\
$OOUHOHYDQWDVSHFWVPXVWEHWDNHQLQWRDFFRXQWWRGHYHORSPDQXIDFWXULQJV\VWHPVDQG
ZLWKDV\VWHPDWLFDSSURDFKLQFOXGLQJSURGXFWSURFHVVDQGV\VWHP7RXQGHUVWDQGWKH
0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


7DEOH6WUDWHUJLHVIRUSURPRWLQJHIILFLHQWDQGHIIHFWLYHQHVVPDQXIDFWXULQJZLWKLQDIDFWRU\
,,,,,,UHSUHVHQWWKHVFRSHOHYHOGLVFXVVHGLQUHVSHFWLYHO\

OLQNDJHDPRQJWKHVHOHYHOVDUHFUXFLDOWRDFKLHYHRIVXVWDLQDELOLW\,QVHFWLRQWKHPRVW
IXQGDPHQWDOZRUNQHHGHGLQFOXGHVWKHUHVRXUFHPRQLWRULQJDQDO\VLVDQGUHSRUWLQJ
7R PDNH WKH ZKROH PDQXIDFWXULQJ SURFHVV WUXO\ LQWHOOLJHQW ZLWK HQHUJ\ZDUH
FDSDELOLW\ 6FKHGXOLQJ LV D SURPLQHQW PHWKRGRORJ\ LQ RSHUDWLRQ WR GHWHUPLQH WKH
TXDOLW\TXDQWLW\DQGFRVWRISURGXFWLRQ%HVLGHVVFKHGXOLQJFDQLQIOXHQFHUHVRXUFH
FRQVXPSWLRQ HIILFLHQF\ DQG ZDVWH RXWSXW ,Q WKH HDUO\ VWDJH ZDVWH UHGXFLQJ ZLWK
SURFHVV HIILFLHQF\ LPSURYHPHQW UHDOL]HG E\ SURFHVV VHTXHQFH VFKHGXOLQJ ZDV
LQWURGXFHGLQFKHPLFDOLQGXVWU\>@0RUHUHFHQWLQWHUHVWVIRFXVRQZLGHULQGXVWULDO
DFWLYLWLHVFRQFHUQLQJRSHUDWLRQVFKHGXOLQJIRUVXVWDLQDEOHSURGXFWLRQKDVLQFUHDVHG
 2SHUDWLRQVFKHGXOLQJ
7KH DXWKRU LQ >@ UHYLHZHG VHYHUDO LVVXHV UHODWHG WR WKH VXVWDLQDELOLW\ LQ FXUUHQW
PDQXIDFWXULQJ V\VWHP LQFOXGLQJ GLYHUVH QDWXUH RI GLIIHUHQW FRQIOLFWLQJ REMHFWLYHV
KDQGOHGE\WKHVFKHGXOLQJV\VWHPODUJHQXPEHUVRIREMHFWLYHVZLWKFRPSOH[UHODWLRQ
ZLWK FODVVLFDO RQHV LQFUHDVLQJYRODWLOLW\ RI UHVRXUFHV DQGPHFKDQLVPV LQ SURFHVVHV
GLIILFXOW\ LQ GHVLJQLQJ DFFXUDWH PRGHO IRU GHFLVLRQ PDNLQJ DQG HYDOXDWLRQ DQG WKH
RYHUVL]HGUDQJHRIHOHPHQWVQHHGHGWREHFRQVLGHUHG
*LUHWHWDO>@DQDO\VHGWKHFRPPRQSURFHGXUHVIRUILQGLQJDVDWLVI\LQJVXVWDLQDEOH
RSHUDWLRQVFKHGXOLQJVROXWLRQ7KHVHSURFHGXUHVDUHGHVFULEHGLQ7DEOHZKHUHIRXU
0HWKRGV 6FRSH 2EMHFWLYHV
0RQLWRULQJRIHQHUJ\RU
UHVRXUFHFRQVXPSWLRQV
,,,
,,,
%XLOGSURILOHIRUHDFKXQLWSURFHVV
8QGHUVWDQGLQJHQHUJ\PDWHULDOIORZ
,GHQWLI\WKHVDYLQJUHXVHSRWHQWLDOV
5HGHVLJQDQGLPSURYHPHQW
RISURFHVVXQLW
, 0RUHHQHUJ\HIILFLHQWWRROGHVLJQ
3URFHVVFRQWURO
SDUDPHWHURSWLPL]DWLRQ

,,, :RUNLQJGXW\FRQWUROWREDODQFHFRQVXPSWLRQDQGWR
LPSURYHHQHUJ\HIILFLHQF\DQGPDFKLQHOLIHF\FOH
,PSURYHTXDOLW\FRVWUDWLR
(QHUJ\([HUJ\FDVFDGH
GHVFULSWLRQ
,,, &ODULI\WKHHQHUJ\H[HUJ\FDVFDGHSDWWHUQ
5HXVHRIZDVWHKHDWVWHDPZDWHUVFUDWFKHWF
3URGXFWLRQSODQQLQJDQG
VFKHGXOLQJ
,,,,, 6ZLWFKFRQWURORIPDFKLQHVWRHQHUJ\HIILFLHQF\
$YRLGFRQVXPSWLRQSHDN
7DNHDGYDQWDJHRIHOHFWULFLW\SULFHVKLIW
(QDEOHHQHUJ\RULHQWHGPDQXIDFWXULQJGHFLVLRQ
VXSSRUW
6SDWLDODQGWHPSRUDO
FRQVLGHUDWLRQ
,,, 7RKDYHDQLQWHJUDWHGYLHZRIPDQXIDFWXULQJGHVLJQ
FRQFHUQLQJHQHUJ\FRQVXPSWLRQDQGHQYLURQPHQWDO
LPSDFW
*UHHQEXLOGLQJ ,,, 7RVDYHWKHHQHUJ\FRVWLQWKHWHFKQLFDOEXLOGLQJ
VHUYLFHV
 3HLOLDQJ6XQ.DQJ/L


PDLQVWHSVDUHH[SODLQHGLQWKHWDEOH)LUVWO\DPRGHOUHSUHVHQWLQJRSHUDWLRQV\VWHPEH
GHYHORSHG ZLWK VHYHUDO REMHFWLYHV WR RSWLPL]H DQG VHFRQGO\ WKH VFKHGXOLQJ PRGHO
QHHGHGWREHVROYHGZKHUHPXOWLFULWHULDPXVWEHKDQGOHG'HSHQGLQJRQWKHREMHFWLYH
PRGHOV WKH HQHUJ\ FRQVXPSWLRQ JDV HPLVVLRQ DQGZDVWHJHQHUDWLRQ HWF FDQ DOO EH
PRGHOOHGLQUHODWLRQVKLSWRWKHSURGXFWLRQRSHUDWLRQVWDWHDQGFRQWURO+RZHYHUGXHWR
WKH FRQIOLFWLQJ QDWXUH RI PDQ\ REMHFWLYHV WKH VFKHGXOLQJ SUREOHP PD\ QRW KDYH
RSWLPXP VROXWLRQ DQG WKH SUREOHP LV XVXDOO\ VROYHG XVLQJ D 3DUHWR IURQW DQG D
VDWLVIDFWRU\VROXWLRQZLWKLQPXOWLFRQVWUDLQVFDQEHDFKLHYHGLQVWHDG
7DEOH6WHSVWRVROYHVXVWDLQDEOHPDQXIDFWXULQJRSHUDWLRQVVFKHGXOLQJSUREOHPV

)RUH[DPSOH >@SURSRVHGDSDUHWREDVHGHVWLPDWLRQRIGLVWULEXWLRQDOJRULWKPWR
VROYH WKHPXOWLREMHFWLYHPXOWLPRGH UHVRXUFHFRQVWUDLQHGSURMHFW VFKHGXOLQJPRGHO
ZLWKPDNHVSDQDQGFDUERQHPLVVLRQVFULWHULDLQPHWDOIRUPLQJLQGXVWU\7KHDXWKRUV
DGRSWDQDFWLYLW\PRGHOLVWWRHQFRGHDQGDPRGLILHGVHULDOVFKHGXOHJHQHUDWLRQVFKHPH
WRGHFRGH$K\EULGSUREDELOLW\PRGHOWRSUHGLFWDQGWUDFNWKHSUREDELOLW\GLVWULEXWLRQ
RIWKHPDNHVSDQDQGFDUERQHPLVVLRQVFKHGXOLQJVROXWLRQVSDFH7KHQRQGRPLQDWHG
VROXWLRQVH[SORUHGLQVHDUFKSURFHVVDQGQHZO\IRXQGXSGDWHGVROXWLRQVDUHVWRUHGLQ
WZR3DUHWRDUFKLYHV7KHQHZO\XSGDWHGLQGLYLGXDOVVWRUHGLQDUFKLYHDUHVDPSOHGLQ
SUREDELOLW\PRGHO
 0XOWLREMHFWLYHDSSURDFKHVIRUVROYLQJSURGXFWLRQVFKHGXOLQJSUREOHPV
7KHSURGXFWLRQV\VWHPLQSXWVLQFOXGHHQHUJ\PDWHULDOLQYHQWRU\PDFKLQHHWFDQGWKH
RXWSXWDUHSURGXFWVZDVWHSROOXWLRQDQGVFUDSHWF$ORZFDUERQSURGXFWLRQSURFHVV
PLJKWWDNHPRUHWKDQRQHREMHFWLYHVHJWRPLQLPL]HFRVWWRLPSURYHHIILFLHQF\RUWR
ORZHUWKHSROOXWLRQ,QWKHPXOWLREMHFWLYHVFKHPHRSWLPLVDWLRQLVWRJHWDQHVWLPDWLRQ
6WHS 7DVN $SSURDFKHV


%XLOG
2SWLPL]DWLRQ
0RGHO
&RQVLGHU6XVWDLQDELOLW\)HDWXUHV&RQVXPSWLRQHPLVVLRQ
VXFKDV(QHUJ\&RQVXPSWLRQ0RGHO&2(PLVVLRQ0RGHO3ROOXWLRQ
0RGHO:DVWH0RGHO

 )RUPXOL]H
6FKHGXOLQJ
0RGHO
0XOWLFULWHULD
D2SWLPL]HVXVWDLQDELOLW\IHDWXUHVVXEMHFWWRPDLQWDLQLQJTXDOLW\HJ
HIIHFWLYHQHVVRIWKHVFKHGXOLQJ
E2SWLPL]HVFKHGXOLQJTXDOLW\VXEMHFWWRPDLQWDLQLQJDPLQLPDO
OHYHORIVXVWDLQDELOLW\
F2SWLPL]H-RLQWO\VXVWDLQDELOLW\OHYHODQGVFKHGXOLQJTXDOLW\

 6ROYHWKH
6FKHGXOLQJ
3UREOHP
6FKHGXOLQJPHWKRGWRXVHWRVROYHWKHSUREOHP
D)LQGWKH3DUHWRIURQWXVLQJWKHVHOHFWHGVFKHGXOLQJPHWKRG
E)LQGWKHVROXWLRQLQWKH3DUHWRIURQWWKDWVDWLVILHVWKHFRQVWUDLQWV

 (YDOXDWHWKH
VROXWLRQ
7RMXGJHZKHWKHUWKHVROXWLRQLVIHDVLEOH
7RMXGJHZKHWKHUUHOD[DWLRQRUPRGLILFDWLRQDUHQHHGHG

0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


RI WKH 3DUHWR RSWLPDO IURQW ZKHUH WKH QRQGRPLQDWHG VROXWLRQV WR WKH SUREOHP DUH
SUHVHQWHG
 2EMHFWLYHFRQVLGHUDWLRQV
,WLVDFRPPRQSUDFWLFHWRFRQVLGHUVHYHUDOSHUIRUPDQFHLQGLFDWRUVDVWKHREMHFWLYHVLQ
VFKHGXOLQJSUREOHPVHJSURFHVVLQJWLPHWKHFRVWDQGTXDOLW\RISURGXFWLRQ:LWKWKH
DGYHQW RI JUHHQ PDQXIDFWXULQJ PRVW RI UHVHDUFKHUV SULRULWL]H HQHUJ\ DV WKH NH\
REMHFWLYH 6RPH UHVHDUFKHUV IXUWKHU FRQVLGHU JUHHQKRXVHJDV *+* HPLVVLRQV
SROOXWLRQVRUZDVWHPDWHULDOV7KHLQGLFDWRUVUHODWLQJWRHQHUJ\LQSXWDQGZDVWHRXWSXW
FDQDOVREHFRPELQHGLQWRDPXOWLREMHFWLYHRSHUDWLRQSUREOHPIRUPLQJDPL[HGWDUJHW
ZLWKGLIIHUHQWSULRULWLHV
 &DVHH[DPSOHVRIPDQXIDFWXULQJRSHUDWLRQVFKHGXOLQJ
Single machine systems 
&RQVLGHUDEOHFKDQJHVRQHQHUJ\FRQVXPSWLRQPDLQO\HOHFWULFLW\DQGWKHDVVRFLDWHG
FRVW FDQ EH DFKLHYHG ZKHQ ERWK G\QDPLF SULFLQJ DQG SHDN HQHUJ\ UHGXFWLRQ DUH
FRPELQHGDVVFKHGXOLQJDQGFRQWUROREMHFWLYHV >@ >@XVHGDJUHHG\UDQGRPLVHG
DGDSWLYHVHDUFKSURFHGXUHWRVROYHWKHVFKHGXOLQJSUREOHPLQRUGHUWRPLQLPLVLQJWKH
WRWDOHQHUJ\FRQVXPSWLRQDQGWRWDOWDUGLQHVVRQDVLQJOHPDFKLQHZLWKXQHTXDOUHOHDVH
GDWHV>@&RQVLGHUHGWKHFRQWLQXRXVFKDQJHVLQHQHUJ\SULFHVWKHVWXG\VKRZVWKDW
UHGXFHG HQHUJ\ FRQVXPSWLRQ GXULQJ SHDN WLPHV FDQ EH UHGXFHG DQG WKH SURSRVHG
KHXULVWLFDSSURDFKFDQSURYLGHRSWLPDOVROXWLRQVLQPRVWFDVHV
,Q>@WKHRSHUDWLRQDOGHFLVLRQPDNLQJSUREOHPLQFRUSRUDWLQJERWKHFRQRPLFDQG
HQYLURQPHQWDO SHUIRUPDQFH RQ VLQJOH PDFKLQH V\VWHP ZDV VWXGLHG )RFXVLQJ RQ
GHWHUPLQLVWLF SURGXFW DUULYDO WLPH DQG SURFHVVLQJ UXOH DQ RSWLPL]DWLRQ PRGHO ZLWK
PXOWLREMHFWLYHVZDVGHYHORSHGWRPLQLPL]HWKHWRWDOFRPSOHWLRQWLPHDQGDWWKHVDPH
WLPHUHGXFHWRWDOFDUERQGLR[LGHHPLVVLRQ$QRQGRPLQDWHGVRUWLQJJHQHWLFDOJRULWKP
,,ZDVVKRZQWREHVXSHULRUWRDSUHYLRXVSURSRVHGPXOWLREMHFWLYHJHQHWLFDOJRULWKP
>@
Job shop scheduling 
>@ GHYHORSHG D JHQHWLF DOJRULWKP ZKLFK H[FHOV IRU PDQ\ FODVVLFDO MREVKRS
VFKHGXOLQJSUREOHPVZKHUHHDFKRSHUDWLRQKDVWREHH[HFXWHGE\RQHPDFKLQHDQGWKDW
PDFKLQH FDQ ZRUN DW GLIIHUHQW VSHHGV DQG WKH SURSRVHG PHWKRG LV EHWWHU WKDQ
FRPPHUFLDOWRROVZKLFKDUHQRWDEOHWRVROYHODUJHVFDOHSUREOHPLQDUHDVRQDEOHWLPH
,Q>@HQHUJ\FRQVXPSWLRQZDVFRGHGLQDJHQHWLFDOJRULWKPWRJXLGHHIIHFWLYHVHDUFK
IRUWKHRSWLPL]HGVROXWLRQ
Energy and makespan consideration 
>@ LQWURGXFHGDK\EULGKRQH\EHHPDWLQJRSWLPL]DWLRQDQGVLPXODWHGDQQHDOLQJ WR
RSWLPL]H PXOWLFULWHULD LQFOXGLQJ HQHUJ\ FRQVXPSWLRQ PDNHVSDQ DQG PDFKLQH
XWLOL]DWLRQ EDODQFLQJ 6LPLODUO\ >@ H[SORUHG D PXOWLREMHFWLYH HQHUJ\ HIILFLHQW
 3HLOLDQJ6XQ.DQJ/L


VFKHGXOLQJ SUREOHP ZLWK WZR REMHFWLYHV PDNHVSDQ DQG HQHUJ\ FRQVXPSWLRQ XVLQJ
PDWKHPDWLFDO PRGHO EDVHG RQ DQ HQHUJ\HIILFLHQW PHFKDQLVP LQ IOH[LEOH IORZ VKRS
VFKHGXOLQJ SUREOHP ,Q RUGHU WR JHQHUDWH 3DUHWRHIILFLHQW VROXWLRQV WKH ZHLJKWHG
DGGLWLYH XWLOLW\ IXQFWLRQ WHFKQLTXH ZDV XVHG WRJHWKHU ZLWK DQ LPSURYHG JHQHWLF
VLPXODWHGDQQHDOLQJDOJRULWKPLQVSLUHGIURPDKRUPRQHPRGXODWLRQPHFKDQLVP
>@ LQYHVWLJDWHG D K\EULG IOH[LEOH V\VWHP VFKHGXOLQJ SUREOHP FRQVLGHULQJ WKH
HQHUJ\HIILFLHQF\DVSHFW7KHHOHFWULFLW\SULFHDWGLIIHUHQWWLPHRIXVHZDVLQFRUSRUDWHG
LQWR D PXOWLREMHFWLYH RSWLPL]DWLRQ SUREOHP FRQFHUQLQJ SURGXFWLRQ DQG HQHUJ\
HIILFLHQF\ $Q DQW FRORQ\ RSWLPL]DWLRQ 02$&2 PHWDKHXULVWLF ZDV GHYHORSHG WR
RSWLPL]HERWKPDNHVSDQDQGHOHFWULFSRZHUFRQVXPSWLRQFRVW7KH\IXUWKHUFRPSDUHG
02$&2 ZLWK WZR SRSXODU PXOWLREMHFWLYH HYROXWLRQDU\ DOJRULWKPV 16*$,, DQG
63($DQGLWZDVVKRZQWKDWWKRXJK02$&2ZDVVORZHUEXWKDGJHQHUDWHGEHWWHU
VROXWLRQV
,Q>@WKHHQHUJ\FRQVXPSWLRQIRUHDFKRSHUDWLRQZDVPRGHOOHGDQGSDUDPHWHUL]HG
DV D IXQFWLRQRI WKHRSHUDWLRQH[HFXWLRQ WLPH DQG WKHHQHUJ\RSWLPDO VFKHGXOHZDV
GHULYHGE\VROYLQJDPL[HGLQWHJHUQRQOLQHDUSURJUDPPLQJSUREOHP)XUWKHUGLIIHUHQW
REMHFWLYHV LQFOXGLQJ WKH F\FOH WLPH HQHUJ\ FRQVXPSWLRQ DQG VHTXHQFHV ZHUH
FRQVLGHUHG
Waste management and low-carbon manufacturing 
6FKHGXOLQJSOD\VDQLPSRUWDQWUROHLQRSWLPDODOORFDWLRQRISODQWUHVRXUFHV>@XVHG
DQRQGRPLQDQWVRUWLQJJHQHWLFDQGORFDOVHDUFKDOJRULWKPWRVHDUFKIRUWKHPLQLPDO
PDNHVSDQDQGPLQLPDOFOHDQLQJFRVWDQGRSWLPDOVROXWLRQVIRUFRPSRVHGREMHFWLYHV
LQSDLQWLQGXVWU\EDWFKSURGXFWLRQ
)RFXVHG RQ VFKHGXOLQJ SUREOHP IRU D VLQJOH PDFKLQH >@ XVHG D PL[HG LQWHJHU
SURJUDPPLQJ VFKHGXOLQJ PRGHO WR PLQLPL]H WKH WRWDO FDUERQ HPLVVLRQV GXULQJ WKH
ZKROHSODQQLQJKRUL]RQ
>@ GHYHORSHG D İDUFKLYHG JHQHWLF DOJRULWKP İ$*$ PXOWLREMHFWLYH JHQHWLF
DOJRULWKPWRREWDLQDZLGHUDQJHRIQHDU3DUHWRRSWLPDOVROXWLRQVIRU WZRELFULWHULD
EDWFKVFKHGXOLQJSUREOHPVZKHUHWKH&2HPLVVLRQVDQGGXHGDWHEDVHGREMHFWLYHDUH
PLQLPL]HG7KHSURSRVHGİ$*$RXWSHUIRUPHG16*$,,LQWKHVROXWLRQVE\WKHIRUPHU
FRQYHUJHQHDUWKHWUXH3DUHWRRSWLPDOVHW
 0RGHOOLQJDQGVLPXODWLRQWHFKQLTXHV
$IHDWXUHRIWKHLQWHOOLJHQWPDQXIDFWXULQJLVWUDQVSDUHQF\ZKLFKPHDQVWKHGHWDLOVRI
PDQXIDFWXULQJ DFWLYLWLHV FDQ EH JDLQHG E\ PDQXIDFWXUHV 7KHQ PDQDJHUV FDQ XVH
SURGXFWLRQFRQWUROPHWKRGVWRFRQWUROGLIIHUHQWDVSHFWVWRIXOILOYDULRXVREMHFWLYHVVXFK
DV SURGXFLQJ ORZ FRVW SURGXFWV ZLWKRXW FRPSURPLVLQJ TXDOLW\ RU HYHQ LPSURYLQJ
TXDOLW\ DQG \HW PDLQWDLQ WKH DELOLW\ WR SUHSDUH IRU SURGXFWLRQ GHPDQG FKDQJH ZLWK
HQRXJKIOH[LELOLW\:KHQWKHRSWLPL]DWLRQVFRSHFRQWDLQVPXOWLSOHPDFKLQHLQWHUDFWLRQV
LQSURGXFWLRQFKDLQDGYDQFHGPRGHOOLQJWHFKQLTXHVDUHH[WUHPHO\XVHIXOWRFRSHZLWK
WKHFRPSOH[LQGLYLGXDOFRRSHUDWLRQDQGUHVRXUFHSUHGLFWLRQ
0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


7KH PDQXIDFWXULQJ V\VWHP PD\ H[SHULHQFH VWUXFWXUDO FKDQJHV GXULQJ WKHLU
RSHUDWLRQDO OLIH VSDQ UHVXOWLQJ IURP DGGLQJ QHZ V\VWHP FRPSRQHQWV UHSODFLQJ RU
UHWLULQJROGHTXLSPHQWWRUHDFWWRWKHFKDQJHVLQSURGXFWVWHFKQRORJ\RUPDUNHWV>@
%HFDXVH RI WKH FRPSOH[LW\ DQG G\QDPLF QDWXUH LQ WKH PDQXIDFWXULQJ V\VWHPV WKH
VSUHDGVKHHWDQGIORZFKDUWVDUHDOPRVWLPSRVVLEOHWRFDSWXUHWKHFRPSOLFDWHGSURFHVV
FRQILJXUDWLRQDQGLWVFRPSOH[FRQVWUDLQWV>@XVHG(QHUJ\%ORFNVPHWKRGRORJ\IRU
DFFXUDWHHQHUJ\FRQVXPSWLRQSUHGLFWLRQEDVHGRQWKHVHJPHQWDWLRQRIWKHSURGXFWLRQ
SURFHVVLQWRXQLWRSHUDWLRQV
6LPXODWLRQPHWKRGSURYLGHVSUDFWLFDODQGSODXVLEOHZD\WRLQYHVWLJDWHDQGHYDOXDWH
PDQXIDFWXULQJV\VWHPLVVXHV8VLQJWKLVWRROV\VWHPLQIRUPDWLRQGHWDLOVDQGPDWHULDO
IORZFDQEHFOHDUO\VLPXODWHGDQGPDQDJHG$QGWKHVLPXODWLRQUHDOL]HVWKHYDOLGDWLRQ
RISURGXFWLRQSODQFRQWUROSROLF\DQGUHDFWLRQVWRRSHUDWLRQDOSUREOHPV7KHGLVFUHWH
HYHQWV\VWHP'(6DQGDJHQWEDVHGVLPXODWLRQDUHWZRSRSXODUPRGHOOLQJWRROVIRU
RSHUDWLRQVFKHGXOLQJDQGFRQWUROLQPDQXIDFWXULQJ
 'LVFUHWHHYHQWV\VWHPWHFKQLTXH
7KH GLVFUHWH HYHQW V\VWHP LV VXLWDEOH IRU YLVXDOO\ PRGHOOLQJ G\QDPLF QDWXUH RI D
FRPSOH[GLVFUHWH V\VWHP)RU H[DPSOH SUREOHPV OLNHTXHXH VHW XS YLVXDOL]DWLRQRI
HDFK SURFHVV VWDWXV DQG SURFHVV UHVRXUFH EHKDYLRXUV ([DPSOHV LQFOXGH V\VWHP
VLPXODWLRQGXULQJWKHGHVLJQVWDJHHYDOXDWLQJV\VWHPSHUIRUPDQFHVXFKDVXWLOL]DWLRQ
RIPDFKLQHVV\VWHPGHVLJQDQGFRPSDULQJRSHUDWLRQVWUDWHJLHV>@'LVFUHWHHYHQW
V\VWHP'LVFUHWHHYHQWG\QDPLFV\VWHP'(6'('6FDQEHGHILQHGDVDQLQWHUDFWLQJ
VHWRIHQWLWLHVWKDWHYROYHWKURXJKGLIIHUHQWVWDWHVDVLQWHUQDORUH[WHUQDOHYHQWVRFFXU
>@,QWKHGLVFUHWHHYHQWV\VWHPPRGHOOLQJVLPXODWHGV\VWHPFKDQJHVRQO\DWGLVFUHWH
WLPHZKHQWKHHYHQWLVWULJJHUHGWRFKDQJH
 3ODQQLQJDQGTXHXHVGHOLYHULQJ
,QPDQXIDFWXULQJWKHVXSSO\LVQRWFRQVWDQWDQGWKHSURGXFWLRQVFKHGXOHRIUHVRXUFHV
YDULHVIUHTXHQWO\>@LQYHVWLJDWHGWKHSURFHGXUHVXVHGIRUWKHSODQQLQJRIDPDWHULDO
GHOLYHU\V\VWHPLQDPDQXIDFWXULQJOLQHRIDQHOHFWURQLFFRPSDQ\>@XVHGGLVFUHWH
HYHQWVLPXODWLRQPRGHOWRDOORZG\QDPLFLQWHUDFWLRQZLWKWKHVFKHGXOHURIWKHSODQQLQJ
VXSSRUWV\VWHP$YLUWXDOVWHHO\DUGPRGHOLVEXLOWWRPDQDJHWKHVWHHOSODWHSLOLQJSODQ
HIILFLHQWO\
 %HKDYLRXURISURFHVVUHVRXUFHV
,Q>@WKHDXWKRUVXVHGGLVFUHWHV\VWHPPRGHOOLQJWRLGHQWLI\WKUHHVWDWHVRIDPDFKLQH
SURFHVVLQJ¶ LH SURGXFWLYH µLGOH¶ LH ZRUNLQJ EXW QRQSURGXFWLYH DQG µVKXW
GRZQ¶ 7ZR WUDQVLWLRQ WLPHV DQG WKHLU HQHUJ\ FRVWV DUH LQFRUSRUDWHG LQ WKLV PRGHO
LQFOXGLQJWKHHODSVHGWLPHZKHQVZLWFKLQJIURPVKXWGRZQWRSURFHVVLQJLHWXUQLQJ
RQDQGYLFHYHUVDLHWXUQLQJRII
 3HLOLDQJ6XQ.DQJ/L


,QHOHFWURQLFVDVVHPEO\OLQHZKHUHPDQ\GHFLVLRQVDUHEDVHGRQZRUNHUVH[SHULHQFH
>@LQWURGXFHGWKH'(6WRSURYLGHEHWWHUXQGHUVWDQGLQJRIWKHSURGXFWLRQHQYLURQPHQW
VKRZLQJ WKH ERWWOHQHFNV DQG WKH LPSDFW RI HDFK SURGXFWLRQ SDUDPHWHUV >@
LQYHVWLJDWLRQRQWKHFDSDFLW\SODQQLQJRIDPRELOHSKRQHUHPDQXIDFWXULQJLQGXVWU\LV
GLVFXVVHGE\)UDQNHHWDO7KHGLVFUHWHHYHQWV\VWHPZDVDSSOLHG WRUHSUHVHQWTXLFN
FKDQJLQJ SURGXFW SURFHVV DQG PDUNHW FRQVWUDLQWV $ IOH[LEOH GLVFUHWH HYHQW V\VWHP
PRGHOIRULGHQWLI\LQJSURGXFWLRQUHVRXUFHXVDJHDQGOLQHFDSDFLW\SODQQLQJZLWKFRVW
DQDO\VLVLQDPDQXIDFWXULQJV\VWHPZDVSURSRVHGLQ>@
 $JHQWEDVHGPRGHOOLQJ
7KH DJHQWEDVHG V\VWHP LV RIWHQ EXLOW XVLQJ WKH ERWWRP XS DSSURDFK ,W VWDUWV ZLWK
LQGLYLGXDODJHQWVGHILQHWKHLUFKDUDFWHULVWLFVDQGEHKDYLRXUVDQGOHWWKHPLQWHUDFWLQ
WKHDJHQW¶VHQYLURQPHQW >@(DFKDJHQWFDQEHGHILQHGDVDFRPSXWDWLRQDOV\VWHP
ZKLFKPHDQVWKDWWKHNQRZOHGJHRIGLVFUHWHHYHQWV\VWHPWHFKQLTXHVFDQEHXVHGWR
UHSUHVHQWWKHG\QDPLFVRIWKHDJHQW,QWKHG\QDPLFVRIWKHHQYLURQPHQWZKHUHDQDJHQW
PD\KDYHDQHQYLURQPHQWWKDWLQFOXGHVRWKHUDJHQWVFRPPXQLW\RILQWHUDFWLQJDJHQWV
DVDZKROHRSHUDWHVDVDPXOWLDJHQWV\VWHP>@$W\SLFDODJHQWFDQFRQWDLQDWWULEXWHV
JRDOVUXOHVEHKDYLRXUDQGPHPRULHVWKHQHDFKDJHQWFDQLQWHUDFWZLWKRWKHUDJHQWV
WKHDJHQWVFDQDOVRLQWHUDFWZLWKHQYLURQPHQW
 0XOWLDJHQWPRGHOOLQJVLPXODWLRQ
$PXOWLDJHQWV\VWHP0$6FDQEHIRUPHGE\DQHWZRUNRIFRPSXWDWLRQDODJHQWVWKDW
LQWHUDFW DQG W\SLFDOO\ FRPPXQLFDWH ZLWK HDFK RWKHU DV WKH ELJ IDPLO\ RI GLVWULEXWHG
LQIRUPDWLRQV\VWHP>@(DFKDJHQWKDVWKHDELOLW\WRUHSUHVHQWDSURGXFWLRQUHVRXUFH
QRWRQO\WKHPDFKLQHVFDQEHPRGHOOHGEXWWKHSURGXFWLRQLWVHOIFDQEHUHSUHVHQWHG
7KHUHIRUHWKHSURGXFWLRQRUGHUDQGORJLVWLFDOVFKHGXOLQJFDQEHPRGHOOHGXVLQJ0$6
7KH 0$6 QHHGV DGYDQFHG DOJRULWKPV LQ GLVWULEXWHG FRQWURO ZKHUH HDFK DJHQW
UHSUHVHQWLQJPDFKLQHSURGXFWFDQJHQHUDWHGHFLVLRQVIRUPDQXIDFWXULQJFRQWURO7KH
GLVWULEXWHGFRQWUROVROXWLRQWDNHVWKHDGYDQWDJHRIUHVRXUFHDOORFDWLRQSRVVLELOLW\DQG
FRRUGLQDWLRQUHVXOWIURPDXWRPDWHGQHJRWLDWLRQDPRQJDJHQWV
<HXQJSURSRVHGDIRUPDODSSURDFKWRDGGUHVVWKHSRWHQWLDOEHKDYLRXUDOSUREOHPVRI
PXOWLDJHQWV\VWHPVIRUPDQXIDFWXULQJFRQWURODSSOLFDWLRQVDQGYHULILHGWKH>@
/LHWDO DSSOLHGDSKHURPRQHEDVHGDSSURDFKXVLQJ WKHPXOWLDJHQW V\VWHPIRUD
VFKHGXOLQJSUREOHPLQDFHOOXODUPDQXIDFWXULQJV\VWHPWRHVWDEOLVKIOH[LEOHURXWHIRU
PDFKLQHSHUIRUPLQJLQPXOWLSOHMREV>@$QGWKHFRORQ\RSWLPL]DWLRQWHFKQLTXHZDV
XVHGIRUQHJRWLDWLRQDPRQJDJHQWV
,Q>@DV\VWHPEDVHGVLPXODWLRQPHWKRGRORJ\ZDVSURSRVHGWRVROYHDEDFNZDUG
RQOLQHMREFKDQJHVFKHGXOLQJSUREOHP7KHV\VWHPSHUIRUPHGZLWKDVWDWHWUDQVLWLRQ
GHILQHGDVDFRPELQDWLRQRIWKHMREDQGPDFKLQHVWDWHV,WKDVEHHQZLGHO\EHOLHYHGWKDW
WKHIXWXUHZRUNRIDJHQWEDVHGPDQXIDFWXULQJVKRXOGIRFXVRQWKHLQWHJUDWLRQRIDJHQW
DEDVHG SODQQLQJ DQG VFKHGXOLQJ ZLWK H[LVWLQJ V\VWHPV XVHG LQ WKH PDQXIDFWXULQJ
HQWHUSULVHV7KHPRVWLPSRUWDQWLQWHJUDWLRQLVZLWKUHDOWLPHGDWDFROOHFWLRQV\VWHPV
LQFOXGLQJ6&$'$V\VWHPVDQG5),'V\VWHPVDVZHOODV(53DQG053V\VWHPV
0HWKRGRORJ\±$5HYLHZRI,QWHOOLJHQW0DQXIDFWXULQJ6FRSH6WUDWHJ\DQG6LPXODWLRQ


 &RQFOXVLRQ
&XUUHQWO\PRVWRIWKHUHVHDUFKRILQWHOOLJHQWVFKHGXOLQJDUHIRUGLVFUHWHPDQXIDFWXULQJ
V\VWHPDQGOHVVHIIRUWLQFRQWLQXRXVEDWFKSURFHVVLQJ3UDFWLFDOFDVHVWXG\RQIDFWRU\
OHYHOZLGHSODQQLQJDQGVFKHGXOLQJPHWKRGRORJLHVFRQVLGHULQJPXOWLSOH LQWHUDFWLRQV
DUHUHTXLUHGWRVROYHFRPSOH[LQWHUGHSHQGHQWDQGV\QHUJLVWLFSUREOHPV6RPHSURVSHFWV
DERXWIXWXUHUHVHDUFKFDQEHGUDZQIURPWKHOLWHUDWXUHV3URDFWLYHDQGUHDFWLYHUHVSRQVH
WRVFKHGXOLQJXQGHUXQFHUWDLQW\QHHGIXUWKHULQYHVWLJDWLRQ
,Q WKLVSDSHU WKHUHVRXUFHHIILFLHQW LQWHOOLJHQWPDQXIDFWXULQJ LVUHYLHZHGDW WKUHH
GLIIHUHQW OHYHOV QDPHO\ WKH XQLW SURFHVV SURGXFWLRQ OLQH DQG IDFWRU\ ZLGH ZKHUH
VWUDWHJLHV RI HQHUJ\ VDYLQJ UHVRXUFH UHF\FOLQJ DQG SURFHVV FRQWURO DUH GLVFXVVHG
9DULRXV PHWKRGRORJLHV WR GHVFULEH WKH HQHUJ\PDWHULDO IORZ DQG SURFHVV VWDWHV DUH
UHYLHZHGZKLFKFDQVXSSRUWGHFLVLRQPDNLQJIRUDQGLGHQWLILFDWLRQRIWKHERWWOHQHFNV
RI IXUWKHU LPSURYHPHQWV5HVRXUFH UHF\FOHVFKHPHDQGSURFHVVFKDLQFRQWUROSOD\D
NH\UROHLQSURGXFWLRQOLQHHQHUJ\DZDUHRSWLPL]DWLRQ7KHORDGDQGFDSDFLW\FRQWURO
FDQEHFRQGXFWHGWKURXJKHDFKOHYHODQGSHUIRUPVZHOOLQHQHUJ\FRVWUHGXFWLRQ$WWKH
IDFWRU\OHYHOFRQVLGHUDWLRQVRWKHUWKDQGLUHFWPDQXIDFWXULQJVXEV\VWHPOLNHEXLOGLQJ
VHUYLFHFDQQRWEHQHJOHFWHG7KHHQHUJ\DZDUHQHVVDQGUHVRXUFHIORZQHHGWREHWDNHQ
LQWRDFFRXQWWKURXJKRXWWKHGHVLJQSURFHVVLQJSRVWSURFHVVLQJVWDJHV
$SSURDFKHV WR WKH PXOWLSOH REMHFWLYH VFKHGXOLQJ SUREOHPV DSSURDFKHV DUH DOVR
VXUYH\HG LQ VHFWLRQ  7KH GLYHUVH QDWXUH RI GLIIHUHQW FRQIOLFWLQJ REMHFWLYHV LQ
SURGXFWLRQVFKHGXOLQJFRQVWLWXWHVFRPSOH[RSHUDWLRQFRQWUROSUREOHP7KHSUREOHPLV
XVXDOO\VROYHGWKURXJKDSDUHWRIURQWEDVHGRQZKLFKDGHVLUDEOHVROXWLRQLVVHOHFWHG
6LPXODWLRQ LV WKHUHTXLUHG WR LQYHVWLJDWHDQGHYDOXDWHPDQXIDFWXULQJ LVVXHV9DULRXV
VLPXODWLRQPRGHOVDOVRKHOSPDQDJHPDWHULDODQGLQIRUPDWLRQIORZVLQWKHV\VWHP7KH
GLVFUHWHHYHQWV\VWHPLVDEOHWREXLOGXSDTXHXHV\VWHPDQGLQFOXGHLQIRUPDWLRQDERXW
WKHSURFHVVUHVRXUFHVZKLOHDVVLVWWRYLVXDOL]HLQWHUQDODVSHFWVIRUVXSHUYLVLRQ$JHQW
EDVHG PRGHOOLQJ WHFKQLTXH ZKLFK LV PRUH IOH[LEOH WKDQ WKH '(6 PHWKRG DOORZV
DGDSWDELOLW\VFDODELOLW\DQGPRGXODULW\ZKLFKDUHHVVHQWLDOIRUPRGHOOLQJDSODQWZLGH
FRPSOH[V\VWHP
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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